Yamamoto, 1996b), a rifampicin-resistant mutant derived from strain
W3110, and Serratia marcescens CU237rif, a rifampicin-resistant
mutant derived from the antibiotic susceptible clinical isolate CU237,
were used as the recipient strains. E. coli ML1410 (O’Hara, 1993)
carrying plasmid RP1 (Ingram et al, 1972; Kono et al, 1980) was
used as a positive control for transconjugation of drug resistance.

Media and antibiotics

Nutrient broth (Difco Laboratories, Inc., Detroit, Michigan, U.S.A.) was
used as a liquid medium and nutrient agar was used as a solid medium.
Reduced glutathione was purchased from Wako Pure Chemical
Industries Ltd., Tokyo, Japan. The antibiotics investigated were sodium
fosfomycin (FOM), tetracycline (TC), carbenicillin (CBPC),
chloramphenicol (CP), streptomycin sulphate (SM), kanamycin
(KM), gentamicin (GM), nalidixic acid (NA), norfloxacin (NFLX),
neomycin sulphate (NEQ), rifampicin (RFP) (Sigma Chemical Co.,
St Louis, Michigan, U.S.A.), and sulphonamide (SA) (sodium
sulphisomidine; Dainippon Pharmaceutical Co., Ltd, Osaka, Japan).
Identification of bacteria

The identification of clinical isolates was performed using a Vitek
autoanalyser (BioMérieux Vitek, Inc., U.S.A.) and was confirmed by
tests (Table 1) with: 2,4,4'-trichloro-2’-hydroxydiphenylether (DP3),
glucose (OFG), L-tryptophan (GC), acetamide (ACE), aesculin
(ESC), indoxyl-B-D-glycoside (PLI), urea (URE), sodium citrate
(CIT), sodium malonate (MAL), tryptophan (TDA), polymyxin-
sulphate (PXB), lactose (LAC/TLA), maltose (MLT), D-mannitol
(MAN), D-xylose (XYL), D-raffinose (RAF), D-sorbitol (SOR),
sucrose (SUC), inositol (INO), adonitol (ADQO), p-coumaric acid
(COU), sodium thiosulphate (H,S), O-nitrophenyl-B-D-galacto-
pyranoside (ONG), D-rhamnose (RHA), L(+)-arabinose (ARA),
glucose (GLU), L-arginine (ARG), L-lysine (LYS), L-ornithine
(ORN), and decarboxylation (OXI). The properties of strain CU264
were compared with those of S. marcescens CU231.

Antibiotic susceptibility testing

The concentrations of antibiotics in the test plates were as follows:
100 pug/ml FOM, 25 pg/ml TC , 500 pg/ml CBPC, 25 pg/ml CP,
20 pg/ml SM, 50 pg/ml KM, 25 pg/ml GM, 25 pg/ml NA, 25 pg/ml
NFLX, 50 ug/ml NEO, and 25 pg/ml RFP. Resistance to 400 pg/ml
SA was tested using Mieller-Hinton agar plate. The determination
of minimal inhibitory concentrations (MICs) of FOM were performed
by the agar double-dilution method. In this technique 1,000-fold
dilutions of overnight cultures in nutrient broth were inoculated on
nutrient agar plates containing serial twofold dilutions of FOM. The
MICs were determined after incubation at 37°C for 18 h.
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Conjugal transfer

Modifications to the conjugal transfer method described by O’Hara
(1993) and Kono and O’Hara (1975) were as follows. For the broth
method, each donor (0.1 ml) and each recipient (0.1 ml) of the-
exponentially growing cultures were mixed with 0.8 ml of nutrient
medium and incubated overnight at 37°C. Mixed cultures (0.01 ml)
were spread on selective plates.

For the filter mating method, exponentially growing cultures of each
donor (2 ml) and recipient (2 ml) were mixed, and the mixed culture
was filtered through a membrane filter (type HA, 0.45 pm, Millipore
Corporation, Bedford, Massachusetts, U.S.A.). The cells were
cultured overnight on nutrient agar at 37°C and were suspended in
4 ml of 0.9% NaCl. Then 0.01 ml of the suspension was spread onto
a nutrient agar plate containing the selective agents. After incubation
overnight at 37°C, the colonies on the plates were counted and the
transfer frequency of drug resistance was determined.

Results and discussion

Strain . CU264 was isolated from samples from patients with chronic
urinary tract infection. The colonies were tested for Gram-staining
and the strain was identified as a Gram-negative rod bacterium.

In the process of identifying the bacterial strain CU231 which
was used as a standard, properties which were 99% consistent with
S. marcescens were evident. In contrast with strain CU231, it was
found that strain CU264 was positive for MAL, XYL, RAF, ONP,
RHA and ARA, and negative for DP3, PXB, ADO, COU, LYS
and ORN (Table 1). Analysing the result using Vitek’s chart
according to Balows et al (1994), the confidence level of the
identification of strain CU264 as R. aquanlhs was 90%, and for
Enterobacter intermedius was, 9%. Based on these results, it was
concluded that strain CU264 was R. aguatilis.

Resistance to antibiotics of strain CU264 was examined (Table 2).
As a result, it was revealed that strain CU264 was resistant to
FOM only. The MIC for FOM was >1,600 pg/ml, showing that
strain CU264 was a high FOM-resistant bacterium. Since no other
R. aguanlis clinical isolate has been reported, except for strain CU264
in Japan, a comparison with strains of the same species is not possible
at this stage. Izard er al. (1985) did not indicate that R. aquarilis
had an essential resistance to any particular antibiotic, suggesting
that this FOM resistance was mediated by an exogenous gene.

" Furthermore, it appeared that the transmission of FOM resistance
in R. aquaths to E. coli W3110rif had not occurred either by broth
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Table 1 Properties of R. aquatilis CU264 and S. marcescens CU231
tested by Vitek system

Test Strains:
used cu264 cu231

DP3
OFG
GC
ACE
ESC
PLI
URE
CIT _ + +
MAL +
TDA - -
PX8 - +
LAC/TLA - -
MLT
MAN
XYL
RAF
SOR
SuC
INO -
ADO -
cou -
H,S -
ONG +
RHA + -

+

+

o+ 1+ o+
+ o+ 1+ o+ o+

+ +

+ o+ + + 4+ o+
+ 4+ I 4+ + 1 1

ARA
GLU
ARG -
LYS -
ORN -
oxl - -

1

+ 4+
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Table 2 Antibiotic resistance of strains used in this work

Strain Phenotype of antibiotic resistance®:

R. aquatilis CU264 FOM 7

5. marcescens CU231 TC NA RFP
E. coli ML1410/RP1 TC CBPC KM NEO NA

E. coli W3110rif RFP

* Concentrations of antibiotics in the plates were: FOM, 100 pg/ml; TC, 25 ug/ml; CBPC, 500 pug/mil;
CP, 25 pg/ml; SM, 20 pg/ml; KM, 50 pg/ml; GM, 256 pa/ml; SA, 400 pag/ml; NA, 25 pg/ml;
NEOQ, 50 pg/mi; NFLX, 25 pg/mi; and RFF, 25 pg/ml.

mating or by membrane filter mating. The transmission of plasmid
RP1 carried by E. coi ML1410 was successful when used as a
standard under the same conditions (Table 3)., In an attempt to
transmit the FOM resistance to S. marcescens CU237rif, in which the
biochemical properties were similar to R. agquatilis, a 4 x 1078
transmission frequency of FOM resistance was observed by the
membrane filter mating method although the frequency by the
broth mating method was <1079,

Table 3 Transfer frequencies of FOM resistance to S. marcescens CU237rif
and to E, coli W3110rif

Transfer frequency:
Selected  Broth mating Filter mating

Donor Recipient markers* {(CFU/ml) {CFU/ml)
R. aquatilis CU264 E. coli W3110rif FOM/RFP <«1x 108 <1x s

8. marcescens CU237rif FOM/RFP <1 x 108 4 x 106
E. coli ML1410/RP1  E. coli W3110rif TC/RFP 3x 105 1x 102

* TC, 25 pg/mi; RFP, 25 pg/ml; FOM, 25 pg/mil.
CFU, colony-forming units.

113 Fosfomycin-resistant Rahnella aquatilis

—333 —



In Europe, a FOM resistance element was present in the R
plasmid with a multidrug resistance element and was easily trans-
mitted by mixed culture with other enterobacteria in liquid culture
medium (Mendoza et al., 1980; Suarez and Mendoza, 1991). It is
known that the genes fos4 (Villar et al, 1986) in FOM-resistant
Serratia marcescens and fosB (Zilhao and Courvalin, 1990) in
Staphylococcus epidermidis encode the GSH addition enzymes (Suarez
and Mendoza, 1991). Recently, the genes fosC (Garcia et al., 1995) in
FOM-producing Pseudomonas syringae, and fomAB (Kuzuyama et al.,
1996) in Streptomyces wedmorensis encoding the FOM phosphorylation
enzyme have been reported. To our knowledge, there are only a few
FOM-resistant fosA-positive bacteria in Europe. It has also been
reported that a change in membrane permeability caused alterations in
FOM incorporation in one strain (Arca et al., 1997).

On the other hand, in Japan, FOM-resistant bacteria are rare
(O’Hara et al., 1988; Tsuboi e al., 1998) and Klebsiella pneumoniae
is resistance-transmissible against FOM with a low frequency
(O’Hara, 1993). It is suggested that the effect of FOM in combination
with other antibiotics is the reason that there are only a few FOM-
resistant bacteria found in Japan (O’Hara and Hashimoto, 1996a;
O’Hara et al., 1997b).

In the present work, we describe a strain which is highly resistant
to FOM. It was identified as R. aquatilis, which has rarely been
isolated clinically. However, the resistance was not transmitted to
E. coli but was transmitted to S. marcescens. Therefore, we are parti-
cularly interested in the mechanism by which FOM resistance is
acquired and how the gene encoding FOM resistance in R. aquatilis,
as described in this report, was initially acquired. The analysis of
this gene and the resistance mechanism is an ongoing task which is
currently being undertaken in our laboratories.
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3. SEBshiH#fsroDg-sryv—EOHMHEF
®=

ZHEZL-broth T—HERL-5mlOFHR%
3,500rpm, 4C, L5 5MRELTHLTEFHLL £
t#% 50 mM © 1) CEEFEEW® (pH7.4) THHEL, 100
p DEBHHCEEE L EREREE S EENEL
7z FO, 100,000xG, 4C, 30 5HOBERE.LOBET
fTvy, Bonz EiErAEERE L (Fig. 2).

4. p-9 7 F~—YiEEOUERE

B % KL i Beckman HEEREEEE DU640 (HiR
BRE 2HVT, EEO=LoE7 4 VBEIm
AHBEWRSOLN EZFML T, BERER 482nm, KIS
BB 37TC O&EF T UVENIZE B{To 7 (Table 1),

EBISEEL 10 MOBEO=FOET VB
2 P. aeruginosa #° 10%fu/ml #H B 7-EHEH 5
OF L, Enterococcus  faecalis H5 10°cfu/ml Bt &
NEHE, S OMBIEE 50l ML TS5 HHO S 1 4
A¥rrEERL, BEELORCHEEEL:.

EHEoO=rotT74 i3 10pM, 25 MBEF100
UM OBEOCERAHEA L. BEEROHERIT, K
GG E1ISHICELLZ ODBOELE b LIZKA D
61T = 720 Activitiy=y/1.59x0.3xv (v=3.05/0.05x2, y
=AOD/min) & 612, BEFEFENAT A —F i3, Beckman
HEBRXAXES DU FEOBITY 7 P2 L D,
Michaelis—Menten plot 7 SEH LY, %, EERT
B 5 h-{fEid, Lineweaver—Burk plot, Eadie—Hofstee

TEREBKBE AR S-21-16

— 360 -



OCT. 199¢%9

620 BERIELEEEEZSHBE

plot, Hanes-Woolf plot D& 7T v F & FEIZITW,
 EREOEEERHEELZY,

5. EFIRRZHAR

FEHNRZ PRI H AL EREZE S E D M E
FRECECTHEL 7o DS 5 5% piperacillin
(BLi#Z T EHRA &5, HFD, imipenem (FHEHE
A&, BHE), cefsulodin (BHE R T KA L,
KK}, cefoperazone (7 7 4 ¥ —HWEHR S, K2,
ceftazidime (B4 ¥ 7 7 viEs&H, EHE), cefepime
(FVAML - =4 X=X - 2274 7THREHE, 730H
& F agtreonam (Z—# 4 HA &, EE) OFHKE
EEMRIEA L Lo o8, B Hbid Muller-Hinton broth
(Difco, USA) R L, HHEE & 35 5x10%fu/ml]
ERBLSIZEE L.

u & F

L =hat74 o LIERPSOHMBRE OREHE

P. geruginose #* 10°cfu/ml i & /- EEEH & D #h
W s0ul Z v, = O+ 74 YEHEESSH, 30
BREIIRAELHELAF LRSS 8BS, EbHT
BIFBHEESES N, B E faecalis DIEHE
POHMBESRABED -5 ¥ ¥ v — FiEH 10%fu/ml
B SNBREFLOMBEL* AT 5H, BB
CUEERREL 2AREEOE L RED b h o n
(Fig. 3),

2. BEFL-F 75— VOEMEHE

BEE A 5 OMIIBRMER 30 FRICET L M|
& P. aeruginosa 7* 10°~10cfa/ml B S W2 155 %
MBIIBEEMA 2. P. aeruginose D358 2 hi- W%
50t 10cfu/ml DEECTH+FICf-F 7 ¥ ¥~ —¥iF
HDOEENTERTH ), BERPCHFETLF-F05~

Sputum 200 #1+0.05 M phosphate buffer (pH 7.4) 200 ul

homogenization
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" Fig. 1. Preparation of f-lactamase sample
from sputum.

Strains cultured in L-broth
5 ml overnight
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Fig.2. Preparation of f-lactamase sample from
isolated strains.
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Table 4 iR Lo CEHEBEVERO V. BEXFNRE
10.495 y M/sec, 0.673uM/sec L B VWEE R L 7=
—7, ABRBIUFH»SHEBLE-5 2 ¥y=—YiE
i3 E 4 0.012 4 M/sec, 0.011uM/sec KV i+ 7
L7

mi. :=E =

BETT, BEBL-57 Fv—FiEROHEIL 5
O LOBRELERF RIS CZFOMREY * BHEA
2O M 74 —TEBRLTRDLFEIRESKT
WaY, Ldl, COFEERREORENZ b THEE
ThbHIk, BRIBEMNTLRZVWI L, BEFHAT

Table 1. p-lactamase activity measurements:
methods and conditions

Substrate Nitrocefin
Substrate conc 10, 25, 100 pM
Measuring wave length 482 nm
Al tion photomet

Measuring equipment (};)sorp aT;U‘J&?)e er
-Reaction time 1 min
Reaction temp 37T

0.12 1 .

0.10 - Pseudomonas aeruginosa
2 0.08 1

T 0.06 -
0.04 +
0.02 1
0 1 2 Min 3 4 5

0.12 -

0.10 Enterococcus faecalis
2 0.08 1
<< 0.06 A

0.04 4

0.02

0 1 2 M 3 4 5

Fig.3. Time course of absorbance changes in reaction of
nitrocefin and extracts of sputum in which Pseudo-
monas aeruginosa or Enterococcus faecolis were
detected.
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Table2, p-lactzmase in sputum: enzymologic parameters Table 4. fp-lactamase extracted from isolated strains:
Soect Bacterial count Vo K. _ enzymologic parameters
C1men max
pe (CFU/ml) | {uM/sec) (M) Ve K.
Specimen (M/sec) (M) Ve’ K
A 10 0.132 37.3 0.0035 WV see H
B 10° 0.014 23.1 0.0006 A 0.012 18.0 g.001
C 10 0.071 39.2 0. 0018 B 0.114 29.3 0.004
D 10° 0. 093 37.6 0.0025 c 0.495 42.7 0.012
E 10° 0.165 33.7 0.0049 D 0150 50.9 0.005
F 10 0.023 |  25.2 0. 0009 E 0.763 66.8 0.011
G 106 0.059 24.1 0.0024 F 0.011 16.0 0.001
H 10° 0.059 22.3 0. 0026
0.127 4 Michaelis-Menten 0.127 ~ - Eadie-Hofstee
1 10° 0.011 17.4 0. 0006 ] - — 3
Y r T . 3
J 10 0. 005 127.5 | <0.0001 > 1 -
Table 3. Drug sensitivity of isolated strains to varicus 0 ] —_'___r__,_,
B-lactam anitibictics S 1oo 0 Vi 0.004
b MIC (ug/ml) 30 - Lineweaver-Burk 8726 - Hanes-Woolf
Tug 1
A Blc|plE|F |G| H|I o i
Piperacilin | 16 | B! 8] 15 |128| 4| 64 |>128 4 = 2
Imipenem 64 4]16 32| 64| 16| 32 64 2
0| ]
Cefsulodin 4 167161 4| 64| 2| 4| 64| 18 —004 0 o 01 0 o s 100

Cefoperazone | 64 | 16 | 32 | 16 | 64| 16 | 16 | >128] 16

Ceftazidime 16 4 4 41 16| 2 8 64 4

Cefepime 16 2 4 4| 16| 2 8 64] 4

Aztreonam 16 4 8116 167 2| 18 64] 16

A=y rBRTEEAEELI L L EOEREN S
BRI IR S L EX 6N,

SCHEHBF LI -7 5 ~—ErRETHHEL, @
B, REPOEMBELFETH o/, & HIT, BEEFH
N A—FREHTAIELTETHN, Vau BEU K.
Bz A AMANIEL-F 7 5w EDBROEE
LA THLELDEELZ LN LA, BEMELE
S TWARHEBERENREL-7 7 /v —E'CHED
ROB-5 7 ¥ —E¥HR—20@FFRIHFET LHE
HEDF-FOBRKFILSEORBTH L, LiL, f-
Sy y<v—VHEMNLZHBL, BREFHNTX—-FOF
MR EMA UL, BERPICHFETSH-F7 57—
FOELPLBEHNNT LI ESFTREEELLDEER
LEh,

BHEFL-_Trv—HORERLESBINL -HED
MIC OBz 2rBVWEIFERIFZDLNA, Z
DEERFERL-FERELT, -5 7 /v —ELAD
ERAEAMERSHICEEL TV I LofMiz, MICH
Ex L-EHY, BERCEETSEROEROFPDO—
HOBMRTHLIZESEITONS, Thbh, WELL
WO MIC fEit, BEbhD -5 7 &< - BiEEH,

Fig. 4. Various plottings observed while calculating
enzymologic parameters.

BIERIZEET AT _TOEKD -7 7 ¥ v —EiEH
EEPTLOTIREVEELI GRS,

—F, SEEELAHFEOMES L LTI, HiEE2RE
BB THAEENEE IR TWARENBET LN
Bo Thbb, BEFD-F7F¥v—ELEESRE
B-57 % ARHIEENEESLTVWRHEE, ERGEE
Z2HNFRA—FRBARILETERWEEZLLONS, L
oo T, COFEFERTLIHAICEERI LG, B
FHIIHBEANTWIRHENMEREBLILETH L, &
512, BHEORFREOERENKT LI EIZLVER
BoEEIZLZIDEEL LN,

SBIIERIAOREHIEETDH - 7Y —H
OFEMEECETARIEMASE LI, STEEDR
RMOB-F 75— EDBEFNAAFTA—FIIHTHTF
— ¥R NEL, B ATHOTEREIIOWTRFEMR
LFETHH,

O

AMEO—ERIT TR 9 £, Tl 10 EEOEEHH
ZHRABS, T - BRREEMATE, [HE0R
HHE S FEBEOFT L EERFIEEREEICET 5
W) 7 & IR 10 EERSAZEEER 7ud ¥
FEFZE (BIREES: 10-9) 12X DiTo 7,

FHEO—FiE, 5 ARPZU-0EERS—BF
B Ei#EBh 4 (1099 £ O FESZMHMBILER) 12
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Novel method to determine f—lactamase activity in sputum

Yoshikazu Ishii, Lin Ma and Keizo Yamaguchi
Toho Univ., Sch. of Medicine, Dept. of Microbiology, 5-21--16, Omori~nishi, Ota—ku, Tokyo 143-85340, Japan

In order to detect f-lactamases in sputum directly, we developed a method to determine f-lac-
tamase activity for Pseudomonas aeruginosa isolated from sputum specimens. The extraction
procedures from sputum were carried out within 30 minutes. A satisfactory linear relationship was
obtained when extracts from sputum containing P. aeruginosa (10°%cfu/ml) were added to 100y M
nitrocefin solution and absorbance was measnred for 5 minutes at 37C. On the other hand, f-lactamase
activity was not identified with samples of Enterococcus faecalis (10°cfu/ml). Subsequently, we examined
the detection limit using samples with different bacterial quantities and found as a result that £-
lactamase activity could be detected with samples of P. aeruginose of 10°cfu/ml and above. In addition, the
K.value of sputum containing penicillinase—producing Esecherichia coli {107cfu/ml) was as high as 127 uM
and significantly differed from those values for cephalosporinase—preducing P. aeruginosa. These vesults
suggested that this newly developed method was able to detect  f—lactamase activity in sputum samples
quickly, conveniently and sensitively.
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